Obese patients are at risk of complications such as slower wound healing and increased infection rates after spinal surgery. Transforaminal full-endoscopic lumbar discectomy (ELD) has advantages over conventional microdiscectomy because it decreases perioperative complications and increases favorable clinical outcomes. No clinical studies have reported ELD in obese patients. The purpose of this study is to evaluate the clinical outcomes of transforaminal ELD in obese patients
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Methods
Obesity is defined as a body mass index (BMI) of more than 30 kg/m2. Our study included 21 obese patients and 27 normal BMI patients treated by posterolateral transforaminal ELD for radiating pain caused by a single-level lumbar disc herniation with more than 2 years of follow-up. Clinical chart reviews and telephone surveys were conducted. Clinical and functional outcomes using VAS and ODI, perioperative complications, and reherniation were evaluated.
Results
Overall clinical and functional outcomes were improved during postoperative follow-up evaluation. There were no immediate perioperative complications, such as infection or durotomy in both groups. In obese group, three patients had late reherniations. Of these, 2 patients had tolerable pain and showed good recovery with conservative treatment; 1 patient who had undergone ELD for recurrent disc herniation underwent open microdiscectomy. In control group, two patients had early reherniation and underwent open microdiscectomy and one patient with late reherniation showed good recovery with conservative treatment.
Introduction
Increasing prevalence of obesity is a serious public health problem worldwide. Obesity has been implicated as a risk factor for lumbar disc degeneration. 1 Obese patients are more likely to have radicular pain and neurologic disorders. 2 Heliovaara et al. reported that heavy body mass were important contributors to lumbar disc herniation. 3 Current surgical treatments in obese patients use a large incision to allow adequate visualization at depth; however, this causes paraspinal tissue injury, which is associated with perioperative morbidity. For morbidly obese patients who underwent decompressive spinal surgery, a complication rate as high as 50% has been reported. 4 Transforaminal full-endoscopic lumbar discectomy (ELD) has been developed as a minimally invasive spinal surgery for soft disc herniation. ELD provides some benefits over open discectomy, such as less damage to paraspinal soft tissue, shorter hospital stays, and earlier return to work. 5, 6 This study was performed to evaluate outcomes after ELD in obese patients. We determined whether the potential advantages of ELD affect the incidence of perioperative complications and efficacy of surgery in obese patients.
Materials and Methods
Obesity is defined in terms of BMI, which is calculated as body weight in kilograms divided by height in square meters. Patients with a BMI of 30 kg/m 2 or higher were considered to be obese and patients with a BMI of 18.5 -22.9 kg/m 2 were considered to be normal. 7 A total of 143 patients underwent ELD between January 2011 and December 2011. Among them, 21 obese patients with BMI of more than 30 kg/m 2 were identified. For control group, we identified 27 patients with normal BMI between 18.5 kg/m 2 and 22.9 kg/m 2 with more than 2 years follow-up. Other patients with overweight or lack of follow-up were excluded. A retrospective study was performed by reviewing the clinical charts and preoperative admission sheets, which provided details of their height and weight.
The study participants were patients with unilateral leg pain associated with soft disc herniation, as determined by magnetic resonance imaging (MRI) and computed tomography (CT). Additionally, patients suffering from persistent pain after 6 weeks of conservative treatment, involving rest, analgesia, and physical therapy, were included. Physical examination showed a positive nerve root tension sign. The exclusion criteria were severe lumbar stenosis, spondylosis, spondylolisthesis, extraforaminal far lateral disc herniation, calcification, and foraminal spur or bony compression.
Clinical chart review and telephone survey was performed and patients with more than 2 years of follow-up were included. Clinical outcomes were assessed using the visual analogue scale (VAS; 0-10, with 0 = no pain), and functional outcomes were scored according to the Oswestry Disability Index (ODI; 0-100%), and return to work status. Additionally, presence of comorbidities, operating time, length of hospital stay, and perioperative complications were evaluated. During the postoperative follow-up period, MRI was performed when the patient complained of newly developed radiating pain. For all other patients without new symptoms, only a clinical follow-up was conducted.
Statistical methods
All data were entered into the SPSS statistical program (version 14.0K; SPSS Inc., Chicago, IL). Statistical tests included analysis of variance using the matched 2-sample t-test and Wilcoxon signed ranks test. Results were considered statistically significant if p was <0.05.
Surgical technique
The patient is placed on a radiolucent table in the prone position. His/her knee is flexed and draped aseptically. On the basis of anteroposterior and lateral fluoroscopic views, a skin marking is made to indicate the position of the midline and intervertebral disc. Next, after infiltration of local anesthetics, a 6-inch long, 18-gauge spinal needle is inserted transforaminally under fluoroscopic guidance. The needle tip is positioned at the midline. Intraoperative discography is performed by injecting a mixture of radio-opaque dye (Telebrix; Guerbet, France), indigo carmine (Carmine; Korea United Pharmaceutical, Yoenki, Korea), and normal saline in a 2:1:2 ratio. Indigo carmine stains the degenerated acidic nucleus blue, helping identify the herniated disc fragment. Upon successful insertion of the needle, a guidewire is inserted through the needle. The needle is withdrawn, and serial dilators and an obturator are introduced. A beveled working cannula is then introduced over the obturator. Next, the YESS endoscope with a working channel and 2 irrigation channels (Richard Wolf Surgical Instrument Co., Vernon Hills, IL) is introduced. Under endoscopic visualization, a bluestained annular surface and part of the disc material can be observed. Using a holmium:yttriumaluminum-garnet (Ho:YAG) laser and a bipolar radiofrequency coagulator (Ellman®; Ellman International, Hewlett, NY), annulectomy is performed. The blue stained herniated fragment can be visualized after this step. Then, the herniated disc material is meticulously removed using microforceps. Finally, a sterile dressing is applied with 1 point of subcutaneous suture. Patients are allowed to ambulate on the same postoperative day and are discharged as soon as they can independently walk. Postoperative MRI is performed immediately after operation or on the following day. Postoperative oral antibiotics and analgesics are recommended for 3-10 days following surgery. Additionally, a lumbar brace is worn for 3-14 
Results
Twenty-one obese patients of with more than 2 years of follow-up were enrolled in this study. The demographic and clinical data of obese patients and control group are summarized in Table 1 The affected spinal levels were mostly L4-5 and L5-S1 level in both groups. In terms of herniation type, obese group had 12 contained and 9 noncontained disc herniations, of which herniations in 5 cases showed downward migration. The control group had 11 contained and 16 noncontained disc herniation, of which 3 downward and 1 upward migrated herniation. Both group included 5 recurrent disc herniations after conventional microdiscectomies.
Obese and control patients spent respectively a mean of 55 min (range, 30-105 min) and 51.8 min (range, 35-75 min) in surgery. The amount of disc material removed was 0.9 cc (range, 0.5-2 cc) and 1.4 cc (range, 0.5-2 cc) in obese and control patients, respectively. The mean length of hospital stay of obese and control patients was 2.8 days (range, 2-6 days) and 3.3 days (range, 2-7 days), respectively. Table 2 summarizes clinical and functional outcomes. There was no significant difference between both group in pre-and postoperative outcomes. Both group showed overall VAS for back and leg pain and ODI score for functional status decreased significantly postoperatively. All patients who worked before surgery returned to work (Table 3) .
In obese patients, in terms of immediate postoperative complications, there were no procedure-related complications such as infection and incidental durotomy. Three patients had late reherniations. Two of them had tolerable pain, requiring conservative treatment with nerve root block, oral analgesics, physical therapy, etc.; these patients showed good recovery. The other patient, who was 1 of the 5 patients with recurrent disc herniation after open microdiscectomy, required additional operative intervention.
In control patients, there was two early reherniation which occurred within a months after ELD, which patients underwent conventional microdiscectomy. One of them was patient with recurrent disc herniation after open microdiscectomy. One patient had late reherniation and his pain alleviated after conservative treatment.
Discussion
ELD can be performed though a minimal skin incision, under local anesthesia. Although there are some technical limitations, indications for endoscopic surgery have changed over time with the introduction of new techniques, scopes, and instruments. [8] [9] [10] [11] Hermantin et al. conducted a prospective randomized study to compare the effectiveness of ELD with open microdiscectomy and demonstrated no difference in overall outcomes in terms of pain reduction, overall improvement, reoperation rate, and complications. 12 In accordance with this, Ruetten et al. also reported no difference in overall outcome and recurrence rate between ELD and open microdiscectomy. 13 They emphasized that ELD is less traumatic, which is very important for surgery of obese patients because perioperative complications in obese patients are predominantly related to infection and wound complications. Another benefit of ELD over microdiscectomy is that the entire procedure can be performed under local anesthesia. Thus, with respect to comorbidities in obese patients, surgeons can avoid complications associated with general anesthesia. In our study population, we treated patients with dilated cardiomyopathy, arrhythmia, and aortic aneurysm without the occurrence of any lifethreatening complications. ELD permits early mobilization and early return to work. Kahanovitz et al.
reported an approximately 30% decrease in trunk muscle strength after discectomy operation. 14 However, there was no paraspinal muscle trauma during ELD. The ultimate goal of surgical treatment for disc herniation is early return to function of the patient. ELD has advantages in reducing postoperative recovery time and promoting pain-free status. Many other authors reported treatment of obese patients with minimally invasive surgical techniques. Their results are in agreement with ours: a less invasive approach helps minimize infections and wound-related complications. [15] [16] [17] Cole et al. 17 reported a study on 32 obese patients with lumbar disc herniation treated by the METRx tubular retractor system. Using this minimally invasive discectomy technique, they reported a favorable clinical outcome and a 12.5% overall complication rate in a study population that showed 2 recurrent disc herniations requiring reoperation and no infectious complications. Interestingly, the most common complication was incidental durotomy, found in 9.4% of the patients. This could be related to the greater working distance necessary in obese patients. Park et al. also reported 2 adverse incidental durotomies during minimally invasive discectomy or decompressive laminectomy. 16 These previous studies demonstrate the effectiveness of minimally invasive discectomy, which is favorable for obese patients because it minimizes incision length and infectious complications.
There were no cases of incidental durotomy in present study. The endoscopic view during ELD is independent of the working distance between skin and intervertebral disc. Ahn et al. reported that ELD caused only 1.1% of symptomatic dural tears, 18 whereas the incidence after conventional spinal surgery ranged from 3.1% to 14%. 19, 20 With accurate information and proper technical considerations, durotomy during ELD can be prevented. In our study, we treat-ed 5 cases of recurrent disc herniations after open microdiscectomy, and there were no perioperative complications. One of the patients underwent reoperation because of symptomatic reherniation. Ahn et al. reported the effectiveness of ELD for recurrent disc herniation, and they found no case of durotomy. 21 In the present study, obese group had 3 (14.3%) cases of symptomatic reherniations with only 1 (4.7%) patient receiving open microdiscectomy at the same level before requiring reoperation. On the other hand, control group showed 2 cases of early reherniation and 1 case of late reherniation, of which 2 (7.4%) early reherniations underwent open microdiscectomy. The incidence of reherniation of obese group in the present study seems to be relatively high compared with that in previous reports on conventional microdiscectomy, which ranged from 2% to 10.4%. 22, 23 Kim et al. speculated that the high rate of recurrence associated with ELD is due to the relatively decreased decompression caused during piecemeal removal of disc material and the possibility of hidden fragments being overlooked. However, we think that the study population should be considered when interpreting the result. Because patients with higher BMI exhibited higher disc recurrence rates, 24 the relative high recurrence rate in obese might not be limited to the technical difficulties of ELD. In fact, there was only 1 case (6.3%) of a revision operation in obese group because of reherniation but control group had 2 cases (7.4%) of revision operations. Cole et al. 17 also reported that 2 of 32 (6.3%) obese patients required reoperation for reherniation after being treated with minimally invasive lumbar microdiscectomy, and one patient required fusion because of postoperative instability.
The incidence of complications after conventional spinal surgery is generally reported to be higher in obese patients than in normal weight populations, especially in terms of wound problems and infections. 4, [25] [26] [27] [28] [29] Although the overall clinical outcome in obese patients after lumbar spine surgery is not inferior to that in the normal weight population, 4, 27, 30, 31 wound infection rates are higher in obese patients, with a wide range of incidence rates reported. 4, 25, 27, 29, 32 Additionally, many authors reported obesity as a risk factor for surgical wound infection. 28, 32 We assume that the increased complication rates in obese patients can be attributed to technical difficulties associated with a deep surgical field; operations taking more time, thus increasing the chances of contamination; more paraspinal muscles trauma; and necrosis of the back muscles and subcutaneous tissue because of more forceful retraction during surgery. Wound dehiscence is also found in obese patients, probably because of increased tension on the fascial edges at the time of wound closure and/or hematoma/seroma that creates internal tension on sutured incisions.The infectious complication rate of ELD is very low, 33 and there were no infectious complications in the present study population.
Although ELD requires steep learning curve, it seems to be stable and acceptable with proper training and suitable patient selection. Observation of experienced surgeons and attending workshops for training period could be helpful for unexperienced surgeon. 34 According to previous reports, first 20 cases of learning curves seems to be required for this. 34, 35 The limitations of this study are related to its retrospective design. There are 5 patients for whom we have no follow-up data, which lessens the sincerity of the present cohort. Another is that we only reviewed clinical charts and operative records. If any complication was not noted in the chart, it was missed by this study's assessment methods. Postoperatively, routine MRI follow-up has not performed in asymptomatic patients, so we were not able to convince any asymptomatic reherniation in this cohort. However, after treatment of disc herniation, long-term improvement in a patient's symptoms occurs with or without resolution of the hernia. 36 On the basis of these results, we think that clinical outcomes are more important for follow-up after discectomy.
To the best of our knowledge, this is the first study on ELD in obese patients. It is more advantageous than conventional microdiscectomy in terms of perioperative infection and wound complication, in addition to its favorable clinical outcomes. Obese patients with severe comorbidities, who are at risk from general anesthesia, can be treated with ELD. Consider-ing the increasing prevalence of obesity and elderly patients, ELD could be a good alternative minimally invasive technique for surgical treatment of radiculopathy caused by lumbar disc herniation.
Conclusion
Although the frequency of reherniation was higher in our study, the results demonstrated favorable clinical outcomes after transforaminal ELD in obese patients. It is an effective, safe, and minimally invasive technique for select cases of obese patients. It appears to benefit obese patients because of the fullendoscopic approach, almost no tissue trauma, and no adverse events associated with general anesthesia.
